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We consider a model where sterile neutrinos can propagate in a large compactified extra dimension (a) giving 
rise to Kaluza-Klein (KK) modes and the Standard Model left-handed neutrinos are confined to a 4-dimensional 
spacetime brane. The KK modes mix with the standard neutrinos modifying their oscillation pattern. We examine 
current experiments in this framework obtaining stringent limits on a. 



1. Introduction 

The introduction of singlet neutrino fields 
which can propagate in extra spatial dimen- 
sions as well as in the usual three dimensional 
space may lead to naturally small Dirac neutrino 
masses, due to a volume suppression. If those sin- 
glets mix with standard neutrinos they may have 
an impact on neutrino oscillations, even if the 
size of the largest extra dimension is smaller than 
2x 10 m (the current limit from Cavendish-type 
experiments which test the Newton Law). 

2. Theoretical Framework 

Here we consider the model discussed in Ref. pQ 
where the 3 standard model (SM) left-handed 
neutrinos i/£ and the other SM fields, including 
the Higgs (H), are confined to propagate in a 

4- dimensional spacetime, while 3 families of SM 
singlet fermions (\E ,Q ) can propagate in a higher 
dimensional spacetime with at least two compact- 
ified extra dimensions, one of these (y) compact- 
ified on a circle of radius a, much larger than the 
size of the others so that we can in practice use a 

5- dimensional treatment. 

The singlet fermions have Yukawa couplings 
\ a/ 3 with the Higgs and the SM neutrinos leading 
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to Dirac masses and mixings among active species 
and sterile KK modes. This can be derived from 
the action 

a./,TiQ 



S = J d A xdyi^ a T.jd J ^ c 



J d^x \ af} H vl $P R (x, 0) + h.c. 



where Tj,J — 0, ..,4 are the 5-dimensional 
Dirac matrices, that after dimensional reduction 
and electroweak symmetry breaking gives rise to 
the effective neutrino mass Lagrangian 
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where the Greek indices a, ft — e, /i, t, the cap- 

l a/3 



ital Roman index N = 1, ...,oo, m® g is a Dirac 



mass matrix, , and v£p are the linear 
combinations of the singlet fermions that couple 



(o) 

ah- 



to the SM neutrinos v t 

In this context one can compute the active neu- 
trino transition probabilities 



i,j,kN=0 
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where U and W are the mixing matrices for ac- 
tive and KK modes, respectively. Here Xj is 
a dimensionless eigenvalue of the evolution equa- 
tion T] which depends on the j-th neutrino mass 
(rrij ) , hence on the mass hierarchy, L is the base- 
line and E is the neutrino energy. 

To illustrate what is expected we plot in Fig. [T] 
the survival probabilities for — > and v e — > 
v e as a function of E. We show the behavior for 
the normal and inverted mass hierarchy assum- 
ing the lightest neutrino to be massless (too = 0) . 
The effect of this large extra dimension (LED) 
depends on the product rrija. We observe that 
in the — > channel the effect of LED is basi- 
cally the same for normal (NH) and inverted (IH) 
hierarchies, since in this case all the amplitudes 
involved are rather large. On the other hand, for 
v e — > v e the effect is smaller for NH as in this case 
the dominant raj a term is suppressed by #13. 

3. Results 

As we can observe in Fig. [I] the main effect of 
LED is a shift in the oscillation maximum with 
a decrease in the survival probability due to os- 
cillations to KK modes. This makes experiments 
such as KamLAND and MINOS, which are cur- 
rently the best experiments to measure Atoq and 
|ATO 2 tm |, respectively, also the best experiments 
to test for LED. 

We have used the recent MINOS [2] and Kam- 
LAND [3] results and reproduced their allowed 
regions for the standard oscillation parameters. 
For this and the LED study we have modified 
GLoBES [1] according to our previous analysis of 
these experiments in [5] and [BJ. 

In Fig. [2j we present the excluded region in 
the plane m x a, by MINOS, KamLAND and 
their combined data at 90 and 99% CL (2 dof). 
When finding these regions all standard oscilla- 
tion parameters where considered free. To ac- 
count for our previous knowledge of their values 
[7] , we have added Gaussian priors to the % 2 func- 
tion. As expected the limits provided by MINOS 
(v^ — > Vfj) are basically the same for NH and IH. 
From their data we obtain a < 7.3(9.7) x 10~ 7 
m in the hierarchical case for mo — > and 
a < 1.2(1.6) x 1(T 7 m at 90 (99)% CL for de- 
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Figure 1. In the top (bottom) panel we show the 
survival probability for (p e ) as a function of 
the neutrino energy for L = 735 km (180 km) for 
a = (no LED, black curve) and a = 5 x 10 -7 
m for normal hierarchy (dashed blue curve) and 
inverted hierarchy (dotted red curve). 

generate neutrinos with m = 0.2 eV. We have 
verified that the inclusion of LED in the fit of 
the standard atmospheric oscillation parameters 
does not modify very much the region in the plane 
sin 2 20 23 x |ATO 2 tm | allowed by MINOS data. In 
fact the best fit point as well as the x^in rema i n 
the same as in the case without LED. 

KamLAND data provide, for hierarchical neu- 
trinos with too — > 0, a competitive limit only for 
IH, in this case one gets a < 8.5(9.8) x 10~ 7 m 
at 90 (99)% CL. For degenerate neutrinos with 
Too = 0.2 eV one also gets from KamLAND 
a < 2.0(2.3) x 10~ 7 m at 90 (99)% CL. The in- 
clusion of LED in the fit of the standard solar 
oscillation parameters here enlarges the region 
in the plane tan 2 6*12 x Atoq allowed by Kam- 
LAND data. The best fit point changes from 
Am 2 Q = 7.6 x 10" 5 eV 2 and tan 2 12 = 0.62 to 
Ato| = 8.6 x 10~ 5 eV 2 and tan 2 6 12 = 0.42, how- 
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Figure 2. Excluded region in the plane too x a by 
KamLAND (upper panel), MINOS (center panel) 
and combined (lower panel). 



ever, the x^ nin /dof remains the same. 

When one combines both experiments the hi- 
erarchical limits improve but the degenerate limit 
remains practically the one given by MINOS. 



4. Conclusions 

We have investigated the effect of LED in neu- 
trino oscillation data deriving limits on the largest 
extra dimension a provided by the most recent 
data from MINOS and KamLAND experiments. 
For hierarchical neutrinos with too 0, MINOS 
and KamLAND constrain a < 6.8(9.5) x 1CT 7 
m for NH and a < 8.5(9.8) x 1CT 7 m at 90 
(99)% CL for IH. For degenerate neutrinos with 
too = 0.2 eV their combined data constrain a < 
2.1(2.3) x 10~ 7 m at 90 (99)% CL. 

We can estimate that the future Double 
CHOOZ experiment will be able to improve these 
limits by a factor 2 for the IH and by a factor 
1.5 for the degenerate case. Unfortunately NO^A 
and T2K cannot improve MINOS limits. See [H] 
for any detail. 
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